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1. Introduction 
A spatio-temporal data set is a collection of data 
values vary in both space and time. It is common to 
visualize spatio-temporal data sets of lower dimensions 
by using line graphs, bar charts, or other pictorial 
representations of a similar nature. This poses a challenge 
to the visualization techniques used to devise the 
representation techniques of spatio-temporal data sets.  
Ion trajectories in glass structure have been used to 
represent spatio-temporal data sets because ion 
trajectories consist of space and time values. For this 
basic research approach, it is important to understand the 
mechanism of complicated heterogeneous trajectories of 
ions in glass structures. However, the detailed 
descriptions of ion trajectories do not include the 
experimental measurement such as velocity and 
orientation [1]. This study conducts an effective 
transformation of spatial structure of ion trajectories from 
a series of vectors into an iconic representation to 
visualize their orientation, direction and magnitude in 
three-dimensional space. 
This paper presents in eight sections and elaborates 
the representation technique for spatial structure of ion 
trajectories. The following section is iconic representation 
to visualize the orientation of ion trajectories.  
 
 
2. Iconic Representation 
Given an ion trajectory as a series of     points, 
           , then n is consecutive vector segments, 
           , where             . Fig. 1 shows some 
test trajectories constructed using a cylinder as the icon.  
Basically, the top trajectory represents an object, or ions, 
travelling from left to right at a constant speed.  The 
middle trajectory represents an object travelling in a 
circular motion in counter-clockwise direction at a 
constant speed and the bottom trajectory represents the 
ions travelling from right to left at increasing speed.  
Determining shapes becomes the main issue when 
representing spatial structure. Some test trajectories are 
used to explain the principal concept of the proposed 
techniques. 
 
Abstract: This paper discusses a technique designed to represent the spatial structure of ion trajectories by 
transforming the vector series from two-dimensional to three-dimensional space. There are four techniques 
available to represent spatial structures, such as orientation, direction and velocity. These techniques are iconic 
representation, the navigation function, the halo function and the transparency scheme. Iconic representation is a 
technique used to transform data sets into three-dimensional iconic shapes where each data set is transformed into 
cylindrical and conical shapes; these shapes are then used to represent ion trajectories. Additionally, to improve 
representation the navigation function, halo function and transparency scheme have been proposed. The navigation 
function is a technique for navigating in three-dimensional space around the iconic representation. The halo 
function is a technique used to enhance the representation of iconic shapes by adding a subtle halo around an icon 
and the transparency scheme is a technique used to represent a zoom-in effect during navigation around an iconic 
representation in order to visualize the cone located inside the cylinder. The result shows an iconic representation 
technique have been developed to transform a vector series from two-dimensional line graph in order to visualize 
the orientation, direction and magnitude of ion trajectories in three-dimensional space. 
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Fig. 1 Some Test Trajectories with Tube or Cylinder 
Shape. 
 
A cylinder [9], or a variety of cylindrical shapes, 
such as streamtubes [2], stream polygons [3], streamballs 
[4] and streamribbons [5], can represent the orientation 
and direction of ion trajectories in three-dimensional 
space; however, it is hard to represent their velocity.  The 
trajectories of ions have been built from the 
transformation of three-dimensional data sets into vector 
segments.  Special shapes have been built by Kehrer, J.  
and Lodha et al. [7,6] in order to represent the velocity 
for each of the vector segments.  Pagot, C. et. al. also 
used the cylinder to represent the movement or 
orientation of ion trajectories, but to distinguish each of 
vector segments, including the velocity, is nearly 
impossible [3].  With a cylinder, it is impossible to tell 
the difference between the top and bottom trajectories or 
the beginning and the end of ion trajectories because of 
the challenge of representing motion in opposite 
directions and at different velocities. 
Fig. 2 shows a conical shape being used as a vector 
glyph to represent some of the constructed test 
trajectories.  As a result, the cone depicts the velocity at a 
given time interval by the length and orientation of 
motion by its conical shape.  Cylinders and cones have 
been used to represent orientation, direction and velocity, 
but with the existing techniques, none of these can 
effectively represent orientation, direction and velocity as 
well as a timeline series.  Instead of using cylinders and 
cones as representations of ion trajectories, the cylinder 
has been used to represent the global timeline with a 
global color scale and the cone has been used to represent 
the local timeline with a local color scale.  These 
representation techniques showing timeline events of ion 
trajectories will discuss in future experiments. 
 
 
 
Fig. 2 Some Test Trajectories with Conical Shape Vector 
Segment 
 
3. Composite Rendering 
Two representation techniques of timeline events are 
shown in Fig. 3. Fig. 3(a) shows the cylinder has been 
used to represent the global time scale using a global 
color scale.  Although the  global color scale can 
differentiate between the top or bottom trajectories and 
represent motion in opposite directions with different 
velocities, the global color scale is for global scale 
viewing p u r p o s e s  only.  Rainbow colors, which 
consist of seven key colors, have been used to represent 
the timeline of the global scale for ion trajectories 
between           .  
Fig. 3(b) shows the same trajectories using a conical 
shape, where each cone is represented by the local color 
scale.  Given a small set of key colors (red, yellow and 
green) and a distinctive interval color (black), the colors 
generate a group code of consecutive m vectors, 
terminated by an interval color, as shown in Fig. 3(b) 
(details of the development of the local color scale, 
including group code, can be found in future works).  The 
results of combining the techniques in Fig. 3(a) and Fig. 
3(b) have been used on one thousand ion trajectory, as 
can be seen in Fig. 4.  The purpose of combining the two 
techniques is to represent both the global and local time 
 
 
 
(a) 
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(b) 
 
Fig. 3 Color Scales 
 
4. Navigation Function 
The navigation function is another technique using 
one an algorithm that shows a zoom-in effect and 
navigation for ion trajectories. Fig. 4 shows the zoom-in 
and navigation effects on a portion of the one thousand 
ion trajectory. Indeed, zoom-in and navigation techniques 
can also help visualize global and local color scales 
during analysis. The following paragraph discusses 
depth-cueing, which is used to represent a depth 
impression in iconic representation techniques. 
 
 
 
Fig. 4 Effect of Zoom-In 
 
Depth-cueing is a technique used to improve depth 
impression in images [8]. The zoom-in and navigation 
functions alone do not help much in representing the 
cueing of ion trajectories. In order to achieve depth 
impression in ion trajectories, objects are sorted from 
farthest to nearest before the rendering process occurs. 
Thus, the image incrementally obtains contributions from 
all the overlapping objects, including the transparent layer 
in the scene or image. 
During navigation and zoom-in, depth-cueing needs 
to be updated. Depth- cueing is used together with the 
navigation and zoom-in functions in order to improve 
depth impression in ion trajectories. In order to visualize 
the cone inside the cylinder, it is also necessary to 
improve the representation technique by using the halo 
function. 
 
5. Halo Function 
Halos are used to illuminate the cones and the halo 
function has been implemented to illuminate the 
trajectories of the cones. See Fig. 5 for the differences 
between the before and after representations using halos. 
In Fig. 5(b), the cones are more defined when compared 
to the cones in Fig. 5(a). The use of the halo function can 
also help distinguish between each of the vector segments 
used for visualizing a temporal issue. The following 
section discusses the transparency scheme used to 
represent the zoom-in effect on cylinders and cones. 
 
 
(a) Without halos function 
 
 
(b) With halos function 
 
Fig. 5 Cones and the Halos Function 
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6. Transparency Scheme 
 
 
 
Fig. 6 Transparency Scheme 
 
The transparency scheme is a technique used to 
represent the effect of zooming in on cylinders and cones.  
In order to visualize the cone inside the tube, the opacity 
of the cylinder needs to be controlled with a basic 
transparency scheme, as shown in Fig. 6.  First, the 
boundary of the zoom-in effect is set up at dmin and dmax .  
When dmax starts to touch or hit an object, then the 
calculation of the cylinder opacity begins using Eq. 1.  
dmax will start to touch or hit an object  when the camera 
moves close to an object. The camera represents the 
view-plane of the navigation function 
 
        
       
         
 
(1) 
 
where di is the distance of the cylinder between dmin 
and dmax and where dmin and dmax are computed as the 
distance from the cylinder to the look-at-point.  Thus, the 
nearest cylinder is displayed using the highest value of 
transparency and the cylinder at the farthest point, or 
maximum depth, is displayed using the highest value of 
opacity        . 
The parameter         is assigned a value between 
0.0 and 1.0 to specify the distance of the cylinder from 
the view-plane. The opacity of the cylinder varies 
between the maximum value at Omax = 1 and the 
minimum value at Omin = 0 using the depth coefficient 
       , which is computed using the linear interpolation 
function as stated as in Eq. 2 : 
 
                                 (2) 
 
Three different transparency schemes have been 
developed to visualize cones inside cylinders during 
zoom-in activities.  These schemes are the standard 
scheme, opacity scheme and depth scheme 
 
6.1 Standard Scheme 
 
This is the standard transparency scheme without 
modifications of any parameter as shown in Fig. 6. The 
camera only moves toward the object where the Omin, 
Omax, dmin and dmax are given fixed values.  By modifying 
the parameter values of opacity, such as Omin and Omax, an 
opacity scheme is introduced in the following section 
 
6.2 Opacity Scheme 
 
An opacity scheme has been introduced in order to 
obtain various values of Omin and Omax where dmin and 
dmin have been fixed at one value only, such as dmin = 
0.0 and dmax = 1.0. This scheme can be illustrated in 
Fig. 6 where the values of Omin and Omax are varied while 
the value of dmin and dmax are fixed.  This technique is 
useful to highlight the corresponding area or point of 
interest by adjusting the value of the opacity scheme, 
for example between Omin and Omax.  The following 
section introduces a depth scheme with a variety of 
values for dmin and dmax. 
 
6.3 Depth Scheme 
 
The depth scheme considers the various values of 
dmin and dmax, with a fixed value of opacity, as shown in 
Fig. 6.  The benefit of this scheme is to highlight the 
corresponding area or point of interest in ion trajectories 
by adjusting the value of dmin and dmax. Other benefits of 
this scheme can be found in future works 
The above-mentioned techniques have been 
developed to represent the spatial structure of ion 
trajectories. 
 
7. Discussion 
 
The spatial structure of ion trajectories has been 
represented with appropriate iconic representation 
techniques.  For related work on ion dynamics in glass, 
Habasaki and Ngai [8] have used graphs and simulation 
tools to represent ion trajectories.  A graph is a 2D image 
representation whereas the techniques developed in this 
paper are 3D image representations using combinations 
of cones and cylinders.  The icons can represent the 
direction, position and velocity of each of the vector 
segments in 3D space, compared to 2D graphs that can 
96
4.6 Transparency Scheme
View plane Viewer point 
Look at point 
Opacity 
Setting 
View plane 
Distance, 
d = 0.5 
Zooming 
Boundary 
O_min = 0.0 O_max = 1.0 
d_min = 0.0 d_max = 1.0 
Object 
Figure 4.6: Transparency Scheme
Thetransparency schemeisatechnique used to represent theeffect of zooming
in on cylinders and cones. In order to visualise the cone inside the tube, the opacity
of the cylinder needs to be controlled with a basic transparency scheme, as shown in
Figure 4.6. First, the boundary of the zoom-in effect is set up at dmin and dmax . When
dmax starts to touch or hit an object, then thecalculation of thecylinder opacity begins
using Equation 4.1. dmax will start to touch or hit an object when the camera moves
close to an object. The camera represents the view-plane of the navigation function.
f depth i
dmax di
dmax dmin
(4.1)
wher di is t distance of thecylinder between dmin and dmax and wheredmin
and dmax arecomputed asthedistance from thecylinder to the look-at-point. Thus, the
nearest cylinder is displayed using the highest value of transparency and the cylinder
at thefarthest point, or maximum depth, isdisplayed using thehighest valueof opacity
f depth i .
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only represent the path of ions without direction and 
velocity. Cylinders have been used to represent the flow 
of data, or streamline, in 3D space.  In this study, 
however, cylinders are used to represent orientation as 
well as the global time scales in ion trajectories. Cones 
have previously only been used to represent the direction 
and the magnitude of streamlines, however in this study, 
cones are used to represent direction and magnitude, 
including the local time scale, of ion trajectories.  The 
combination of cylinders and cones has been used to 
represent spatial structure. 
Simulation only generates animation of ion dynamics 
without represents the entire range of the trajectories from 
start to the end of the simulation results.  The techniques 
developed in this study represent the spatial structure for 
each vector segment, including direction, position and 
velocity. The improvements in the representation 
techniques were further enhanced with several additional 
techniques. These techniques include composite 
rendering, the zoom-in effect, the halo function and 
depth-cueing and transparency schemes.  The proposed 
techniques have contributed to improve the representation 
techniques of the spatial structure of ion trajectories by 
transforming two-dimensional line graph into three-
dimensional iconic representation to visualize direction, 
magnitude and velocity of the vector series.  The three 
transparency schemes for representing the opacity values 
of cylinders during zoom-in activities standard, opacity 
and depth schemes each has its own advantages and rely 
on suitability during representation of the spatial 
structure. 
The techniques in this paper are not only used to 
represent the spatial structure, they also help to visualize 
the global and local time scales by using cylinder and 
cone trajectories.  Several analytical tests were conducted 
to observe the correlation between global and local color 
scales in composite rendering, as depicted in Fig. 7.  To 
determine the correlation, find     (     is 
represented on the global color scale by a red color for 
cylinders) then look into the first two key colors at the 
global scale which lie between red and orange. 
Next, there is the local color scale within the global 
color scale when the camera is moved close to the target 
area, such as    . Once the camera moves, the 
transparency scheme takes over until the local color scale 
can be seen clearly.  Fig. 7 shows the images of the local 
color scale are derived from the global color scale by 
using the standard transparency scheme.  Fig. 7 (a) shows 
the top of the trajectory as cylinder shapes in red.  When 
the camera moves forward to the look at point, or 
viewpoint, as shown in Fig. 7 (b), the opacity of the 
nearest cylinder to the viewpoint is gradually decreased.  
Decreased opacity of the cylinder can be seen in Fig. 7 (c) 
where the camera moves forward to the viewpoint.  This 
causes the cylinder to become transparent and reveal the 
trajectory of the cones, which represents the local color 
time scale, as seen in Fig. 7 (d).  Interpretation takes place 
on the consecutive vector segments to determine the local 
time scale.  The interpretation process is elaborated on in 
detail in the future works. 
The standard transparency scheme, where the values 
of opacity and depth could be varied, is not yet 
significant.  The benefit of the opacity value will later be 
seen during collaboration events.  The advantages of the 
standard scheme are the viewer does not have to worry 
about the optimum setting for depth and opacity values.  
The disadvantages of the standard scheme are the viewer 
can move the camera forward to the target area,    , 
then the trajectory of two key colors are not included in 
the screen.  Depth and opacity schemes were introduced 
in order to solve this problem; further discussion is 
undertaken in the future works. 
 
 
 
Fig. 7 Zoom-In Effects with Standard Scheme 
 
8. Summary 
 
This paper has described a technique to represent the 
spatial structure of ion trajectories, including some 
additional features such as composite rendering, zoom-in 
effect, depth-cueing and transparency schemes.  These 
representation techniques help to extract the spatial 
structure information from ion trajectories.  The 
representation of timeline events in ion trajectories is 
discussed in the future works. 
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